D
evelopmental phonological disorder (DPD) is the term used by Shriberg, Austin, Lewis, McSweeny, and Wilson (1997) to refer to children younger than the age of 9 years who produce many more speech sound errors than are expected given their chronological age. These speech sound errors may result in poor speech intelligibility and, as a consequence, functional barriers to participation in multiple domains of daily life (McCormack, McLeod, Harrison, & McAllister, 2010) . Longitudinal studies have revealed comorbidity with language impairment and social-emotional disorders that further emphasize the importance of remediating the child's speech errors and ensuring age-appropriate speech intelligibility for children with this communication deficit (Baker & Cantwell, 1987; Beitchman et al., 1996; Shriberg, Tomblin, & McSweeny, 1999) . Systematic and narrative reviews indicate that standard speech therapy procedures can be effective when improved speech production accuracy and speech intelligibility are the goals of the treatment program (Gierut, 1998; Law, Garrett, & Nye, 2003) .
Recent research indicates that children who produce many speech sound errors have difficulties that go deeper than the overt difficulties with speech accuracy and/or intelligibility (Munson, Baylis, Krause, & Yim, 2006; Munson, Edwards, & Beckman, 2005b) . As described in detail by Munson, Edwards, and Beckman (2005a) , these children can have poor perceptual knowledge of acoustic-phonetic representations of speech as well as deficits in articulatory knowledge; some of these children also have deficits in higher level phonological knowledge, but these difficulties are moderated by lexical knowledge. Many studies have shown that children with speech sound difficulties have poor phonological awareness skills, putting them at risk for delayed acquisition of reading (Anthony et al., 2011; Raitano, Pennington, Tunick, Boada, & Shriberg, 2004; Rvachew & Grawburg, 2006) . Longitudinal studies show that speech production accuracy, speech perception, and lexical skills during the preschool period explain variations in decoding skills and reading fluency as the children get older (Bird, Bishop, & Freeman, 1995; Durand, Loe, Yeatman, & Feldman, 2013; Peterson, Pennington, Shriberg, & Boada, 2009; Rvachew, 2006 Rvachew, , 2007 .
Targeting Multiple Domains With Constrained Resources
These findings create a challenge for speech therapy practice. The goal of the speech therapy program can no longer be restricted to ensuring speech accuracy (Tyler, Gillon, MacRae, & Johnson, 2011) . Preventing delays in the acquisition of literacy skills becomes an important goal for these children. A credible means to this end is to address multiple levels of representation-specifically, perceptual, phonological, and lexical, in addition to articulatory-in the speech therapy program. When the speech-language pathologist (SLP) has few constraints on the amount of intervention provided, the child's skills in the areas of perception, articulation, language, and phonology (including phonological awareness and other emergent literacy skills) can all be tackled. However, even under these circumstances decisions must be made about optimum goal attack strategies within and between these domains. When resources are severely constrained, the SLP may be forced to choose between equally nonoptimal care plans: provide very small amounts of treatment in all domains or focus all available resources in one domain. The research literature currently does not provide definitive guidance about which strategy may be most effective.
The current project was initiated by SLPs at a hospital who were faced with this choice when they were forced to ration individual speech therapy to six weekly sessions per patient. Given that our review of the literature suggested that a functional gain in speech intelligibility may not be expected with fewer than 12 weeks of intervention (Rvachew & Brosseau-Lapré, 2012) , we designed an intervention protocol that combined the 6-week individual speech therapy component with a group therapy component and a structured home program component. The group therapy component could be implemented efficiently because it has been established that small-group phonological awareness interventions can be provided effectively by a range of service providers, including paraprofessionals (Ehri et al., 2001) . Previous studies have shown that the effectiveness of speech therapy is augmented by home programming when parents are provided with structured training in the implementation of the program (Schooling, 2003; Schooling, Venediktov, & Leech, 2010; Sommers, 1962) .
Theoretical Underpinnings of the Experimental Interventions
The study was designed to test the relative efficacy of different strategies for targeting levels of representation given these three program elements. In all cases the intervention goals were in the domains of both speech accuracy and phonological awareness skills. The treatment procedures were designed to be consistent with the model described and tested via linear structural equation modeling in Rvachew and Grawburg (2006) . In that study, Englishspeaking children with DPD were found to have concomitant phonological awareness deficits that were predicted by their speech perception and vocabulary skills; speech production skills were also predicted by speech perception skills but were only indirectly related to phonological awareness. The interventions that are contrasted in this study correspond to the models that were compared in Rvachew and Grawburg (2006) and thus represent an experimental test of models that were previously examined using nonexperimental methods as well as an empirical examination of questions of clinical interest. Therefore, in the current study, treatment procedures targeted speech production accuracy, speech perception (strength of acoustic-phonetic representations for speech), vocabulary knowledge, and phonological awareness in various combinations depending on the treatment conditions to which the child was assigned. With respect to the individual therapy component, children were randomly assigned to two contrasting approaches, one focused on articulatory representations (output oriented) and the other focused on perceptual representations (input oriented). The output-oriented intervention corresponded to a traditional approach to therapy in which children practiced correct articulation of target phonemes in isolation and in syllables, words, phrases, and sentences; the clinician increased the length of the target as the child mastered each length in turn. This approach to speech therapy directly targets only one level of representation: articulatory-phonetic representations. However, the child has access to information about the acoustic-phonetic characteristics of the target when imitative models are provided, and some treatment procedures such as chaining may facilitate knowledge of sublexical phonological units and thus promote phonological awareness. In a recent survey of SLPs working in the United States, 49% of 366 respondents reported that they often or always used a traditional approach, and an additional 33% of respondents used this approach at least sometimes (Brumbaugh & Smit, 2013) . The long history of this approach in clinical and research practice coupled with the current frequency of its use in North America justifies its application as one of the experimental conditions in this study. Furthermore, the continuing weight of the motor theory of speech perception as a guiding theoretical perspective in basic speech science supports the inclusion of this combination of treatments, with the expectation that simultaneous improvements in acoustic-phonetic and phonological representations will occur if it is assumed that the "articulatory problem is at the head of [the] causal chain" (Ivry & Justus, 2001) .
Half of the children received the input-oriented individual therapy program that corresponds to the model that was tested in Rvachew and Grawburg (2006) , in which phonological knowledge is an emergent property of the child's speech perception and lexical skills, leading in turn to improved speech accuracy (see also Rvachew, 2006) . The procedures used in this condition targeted phonemic perception-providing the children with detailed knowledge of the acoustic-phonetic characteristics of the target phonemes or word structures in relation to contrasting phonemes and word structures. Although some speech practice occurred in the context of minimal pair activities toward the end of the therapy program, most activities involved listening to speech and making judgments about the phonemic accuracy or meaning of the spoken words. Although speech perception training was an important component of Van Riper's (1978) approach to speech therapy, this component has been omitted from traditional approaches in North America since the early 1970s and even now is discounted in many textbooks as being ineffective or inefficient (e.g., Bauman-Waengler, 2012) . These procedures are so uncommon in North American speech therapy that they were not explicitly probed in the Brumbaugh and Smit (2013) survey. In the United Kingdom, where a psycholinguistic approach is commonly taught (Stackhouse & Wells, 1993) , surveys reveal that procedures targeting speech perception, along with meaningful minimal contrast procedures, are popular for use with children who have phonological problems (Joffe & Pring, 2008) . The input-oriented approach is justified as the contrasting experimental condition on the basis of the results of our theoretical work (Rvachew & Grawburg, 2006) . The popularity of combining speech perception and meaningful minimal pair procedures as part of a psycholinguistic approach in the United Kingdom also provides justification for this approach.
At the conclusion of the individual therapy component, parents were randomly assigned to different home program conditions: One focused on articulation practice, and the other focused on dialogic reading as a means to increasing vocabulary size and supporting emergent literacy skills. The programs were designed as parent education experiences meant to teach parents strategies that they could apply with their children over the long term, as a means of improving phonological skills in preparation for school entry. Therefore, homework was assigned during the 6 weeks of the home program experience, but it was intended that the parents continue to apply the strategies after cessation of our speech therapy and group therapy components. These programs were crossed with the individual therapy components, so that some children received an intervention that was theoretically consistent whereas other children received an intervention that was not. For example, some children were required to practice speech production in the individual therapy and home program components of the intervention; therefore, these components were consistent and reinforced these children's acquisition of knowledge at the level of articulatory-phonetic representations. Other children experienced the input-oriented individual therapy program in combination with the dialogic-reading home program. This combination of program elements was starkly different from the combination that focused solely on articulation practice in two respects: (a) The treatment procedures focused on more than one level of representation (specifically, acoustic-phonetic, phonological, and lexical), and (b) all procedures largely required the child to experience speech through listening, and attention was drawn to the linguistic and functional impact of contrasting acousticphonetic forms. This was considered to be internally consistent despite the number of different treatment procedures, because of the theoretical linkage of the procedures to the model of phonological development described in Rvachew and Grawburg (2006) and Rvachew and Brosseau-Lapré (2012) . Other children received mismatching program components-that is, output-oriented individual intervention with the dialogic-reading home program or inputoriented individual intervention with the articulation-practice home program.
All children received a small-group phonological awareness intervention. The importance of ensuring good phonological awareness skills in these children is increasingly emphasized because of the strong genetic link between speech sound disorders and dyslexia (Lewis et al., 2006) . Speech therapy interventions increasingly include explicit metacognitive components (e.g., Metaphon; Dean & Howell, 1986) , and phonological awareness interventions are being incorporated into phonological interventions (Gillon, 2000; Hodson, 2007) . Furthermore, children encounter phonological awareness instruction in school as young as kindergarten, due to the established efficacy of this instruction for future reading acquisition (Byrne & Fielding-Barnsley, 1991 Ehri et al., 2001) . For children with unintelligible speech, however, response to this type of intervention may vary in relation to the severity of their speech impairment and the type of speech therapy that they receive. In this trial, all children received the same phonological awareness program, but outcomes were evaluated in relation to their randomly assigned individual therapy and home program conditions.
Speech Therapy and Assessment for Francophone Children
This trial was conducted with French-speaking children; therefore, all treatment and assessment procedures were adapted for the francophone milieu. French and English differ from each other with respect to consonant and vowel segments, syllable complexity, typical word length and structure, and overall prosodic characteristics, with all these differences accounting for some unique aspects of our target selection procedures and outcome measures. The greatest similarity in the two languages probably resides in the consonant inventory, with French consonant phonemes including the nasals /m, n, ɲ/, the voiceless unaspirated stops /p, t, k/, the prevoiced stops /b, d, g/, the voiceless and voiced fricatives /f, s, ʃ, v, z, ʒ/, the liquid /l/, the uvular fricative rhotic /ʁ/, and the glides /w, j, ɥ/ (Rose & WauquierGravelines, 2007) . Complex syllable shapes that include two or three consonants in the onset or coda occur in French, but, overall, syllables in French have fewer segments than those in English (approximately 80% of syllables in French are open). Multisyllabic words predominate even in child speech (Trudeau, Frank, & Poulin-Dubiose, 2009) . A striking characteristic of French relates to its prosody, which is described as "syllable timed" due to the perception of equalduration syllables, although phrase-final syllables carry the most prominence. These characteristics of French phonology have unique effects on the manifestation of a phonological disorder in this population. First, the segment inventory is often complete given that consonant segments are typically acquired early in French, especially in short words (MacLeod, Sutton, Trudeau, & Thordardottir, 2011) . At the same time, francophone children with a speech impairment produce many more syllable structure errors than are seen in English-speaking children with the same number of speech errors overall , and some error types that would be unusual in English are actually typical in French (e.g., onset deletion). Therefore, the speech errors produced by French children inevitably reflect an interaction between the segment, word shape and length considerations, and prosody. For these reasons it is necessary, when selecting goals for speech therapy with this population, to use a multilinear approach that systematically examines linkages at all levels of the phonological hierarchy when describing the child's phonological knowledge (Bernhardt & Stemberger, 1998) .
Application of the multilinear approach to clinical practice has been demonstrated for English in many publications (Bernhardt, 1992; Bernhardt & Stemberger, 2000; Bernhardt, Stemberger, & Major, 2006; Bernhardt & StoelGammon, 1994; Rvachew & Brosseau-Lapré, 2012) , even though uptake has been slow (Brumbaugh & Smit, 2013) . The special advantages of this approach for French have also been demonstrated for clinical audiences (Bérubé, Bernhardt, & Stemberger, 2013; Rvachew, Leroux, & Brosseau-Lapré, 2014) . When selecting treatment targets, a quick version of a multilinear analysis was performed by scanning the child's responses to examine strengths or weaknesses at each of the following levels of the phonological hierarchy: Difficulties with any syllable structure or feature were explained in terms of delinking or spreading rules or representational gaps in the child's phonology, and interactions among levels were documented. For example, a child might lack the /ʁ/ phoneme due to a lack of knowledge of this phoneme, and thus it may be absent from the underlying representation; for example, hélicoptère (helicopter) Given that these kinds of interactions between segments, features, and prosodic structures are best identified when taking a multilinear approach, we developed an assessment tool designed to provide data at these levels of the phonological hierarchy while requiring only single-word picture naming from the children-specifically, the Test Francophone de Phonologie (TFP; Paul, 2009; Paul & Rvachew, 2009) . In addition to using responses to this test for target selection, two outcome measures were derived from these responses. The first was the familiar percentage of consonants correct (PCC), as indicated in [ʃɛʃpɑ] time2 . This pattern of change would not result in an improved PCC, which is common in intervention research (e.g., see Rvachew & Nowak, 2003) ; however, attending to the features would indicate an improvement of two instances in which [+continuant] and [+consonantal] were matched in the onset even though the segments were not produced correctly. This second measure of articulation accuracy is not only more sensitive to real changes in speech production ability but also less subject to ceiling effects and regression toward the mean, because it was not used to select the children for study inclusion at intake (Zhang & Tomblin, 2003) .
The second important outcome in this study was phonological awareness. Two aspects of this ability were investigated. Implicit phonological awareness was assessed with a test that we constructed using a familiar matching procedure in which children identify, without the necessity of any spoken response, one of several pictures that corresponds to a spoken stimulus on the basis of a common rime or onset. This test, the Test de Conscience Phonologique (TCP), was modeled on one developed by Bird et al. (1995) and follows their subtest protocol exactly, except for the use of two-syllable stimuli to conform to French word structure. This test is frequently used in studies that examine the genetic underpinnings of neurodevelopmental disorders, and performance on this test is associated with language, speech, and reading phenotypes (Colledge et al., 2002; Peterson et al., 2009; Raitano et al., 2004) . It has been suggested that explicit phonological awareness skills are a better predictor of later reading skills; therefore, the primary outcome in this study was the Test d'Analyse Auditive en Français (TAAF; Cormier, MacDonald, Grandmaison, & Ouellette-Lebel, 1995) , which is based on a segmentation task as described in Table 1 and is modeled on the procedure developed by Rosner and Simon (1971) . Another reason for assessing explicit phonological awareness skills as the outcome measure was that the children were taught implicit phonological awareness skills directly. Therefore, the TCP was not expected to be a valid or sensitive measure of the extent to which the varying individual treatment and home program components would affect the children's underlying phonological development, given that the group phonological therapy curriculum essentially taught to this test. However, it was expected that these different treatment conditions would differentially affect the emergence of more difficult and untaught explicit phonological awareness skills. A final reason that two different measures of phonological awareness were used in this study is that it has been shown that phonological awareness is a unitary construct that can be validly measured with disparate tasks such as matching, segmenting, and blending tasks; however, these measures provide different information values depending on the skill level of the child. Schatschneider, Francis, Foorman, Fletcher, and Mehta (1999) demonstrated that measures similar to our TCP had the best information functions with children who have low ability; elision tasks similar to our TAAF had the highest information functions overall but were most valid for children with middle ability levels with respect to their sample. We have long experience with this test and know that our research participants at intake would be unable to participate adequately in this test procedure, not only because of their young age and delayed phonological awareness abilities but also because of the demands that the test procedure places on children's overt articulation abilities. We hoped that the 12-week intervention would stimulate the emergence of at least rudimentary abilities in the domain of explicit phonological awareness.
Given that two of our measures were developed specifically for the French-speaking context and for this study, some additional groups were recruited to aid in the interpretation of the test results. A small group of same-age children with typically developing speech was recruited Word lengths are as follows: one syllable, n = 15; two syllables, n = 27; three syllables, n = 8; four syllables, n = 4; 36% of syllables contain a coda and 15% contain a cluster. Two measures were calculated from consonant performance: 1. Percentage consonants correct I, SO 2. Targeted match ratio PO Test de Conscience Phonologique (Groups T, 0-4) Rime matching: 14 items in which the child points to one of four items an animal will like on the basis of rime match with animal name. Onset matching: 10 items in which child points to one of four items animal will like on the basis of match to a given sound. Onset segmentation and matching: 10 items in which child points to one of four items on the basis of common first sound of item and animal name.
I, SO
Test d'Analyse Auditive en Français (Groups 0-4) An elision task that assesses the child's explicit phonological awareness abilities, measured by asking the child to segment syllables or phonemes; for example, "Repeat after me: [bato] . Say it again without [to] ." This test is normed for children speaking Canadian French in kindergarten through sixth grade.
PO
Note. Group T is the typical comparison group, Group 0 is the nonexperimental comparison group with a developmental phonological disorder, and Groups 1 through 4 are the experimental groups that were randomized to treatments.
and assessed in order to provide a normative reference for performance of the TFP and TCP. A nonrandomized comparison group of same-age peers was also followed for 14 weeks in order to describe the amount of change that would occur on these two tests when francophone children with a phonological disorder were tested twice with no intervening speech therapy. This latter group served to indicate how much of the change in our experimental groups could be attributed to maturation and history effects versus treatment effects.
Summary and Hypotheses
In this study, sixty-five 4-year-olds with a phonological disorder received an intervention that comprised three intervention components (individual therapy, home program, and small-group therapy) but with varying approaches to treatment used within the individual therapy and home program components. Although the combination of approaches varied across children as a function of the random assignment procedure, the intervention as a whole was directed at speech production accuracy and phonological awareness skills for each child. The interventions were provided by student SLPs with supervision from experienced and certified SLPs. Following the model presented in Rvachew and Grawburg (2006) , it was expected that children who received individual therapy focused on perceptual representations and a home program focused on vocabulary development would make the best gains in phonological awareness skills while also achieving gains in speech production accuracy that were at least comparable to those gained in an approach focused on speech production accuracy. An overview of the design is shown in Figure 1 .
Method

Participants
Recruitment and Identification
The trial protocol was approved by the institutional review boards of McGill University and the Montréal Children's Hospital. Participants were referred to the trial in accordance with this protocol by SLPs at the Montréal Children's Hospital. The trial coordinator (the second author) scheduled an intake assessment for children who met the initial selection criteria: aged between 4;0 (years;months) and 5;11 on the first day of intervention, French speaking (at least 75% French exposure as reported by the parents), diagnosis of primary DPD ("trouble phonologique" according to local standards and criteria), and normal hearing as documented in the medical file. An intake assessment was then conducted using the assessments described in Table 1 (and in further detail in the Method section). Children were accepted into the trial if the intake assessment confirmed the presence of DPD upon administration of the TFP (Paul, 2009; Paul & Rvachew, 2009 ); scores more than 2 SD below expectations were observed for all trial participants. Furthermore, age-appropriate receptive vocabulary and nonverbal IQ and normal oral structure were required. These latter criteria were operationalized as standard scores of at least 80 on the Echelle de Vocabulaire en Image Peabody (EVIP; Dunn, Theriault-Whalen, & Dunn, 1993) and the nonverbal subtest of the Kaufman Brief Intelligence Test-Second Edition (KBIT; Kaufman & Kaufman, 2004) and an age-appropriate structure score on the Oral Speech Mechanism Screening Evaluation-Third Edition (OSMSE; St. Louis & Ruscello, 2000) . Children were excluded from the study if their DPD was secondary to other conditions such as sensorineural hearing loss, cerebral palsy, cleft palate, global developmental delay, or autism spectrum disorder. Concomitant expressive language impairment and/or suspected childhood apraxia of speech were not exclusionary criteria. The children were recruited in six cohorts, with their intake assessments taking place 2 to 9 weeks (on average 4.5 weeks) prior to the first day of intervention and the first day of intervention corresponding to the first or second week of the fall, winter, or spring academic terms.
Randomization
The goal of the randomization procedure was to randomize an anticipated 96 participants into four equal groups, with each group receiving a different combination of individual and parent interventions. Group 1 received the output-oriented individual intervention and articulationpractice home program, Group 2 received the outputoriented individual intervention and dialogic-reading home program, Group 3 received the input-oriented individual intervention and articulation-practice home program, and Group 4 received the input-oriented individual intervention and dialogic-reading home program. Randomization was blinded via a system of sealed opaque envelopes consecutively numbered from 1 to 96 and organized into sets of 16 envelopes for each of six cohorts. Each envelope contained a pair of treatment assignments-one for the individual treatment condition and the other for the parent group condition-determined using the computer software Research Randomizer (Urbaniak & Plous, 2009) . Two random sequences of eight group assignments were created for each cohort (one sequence for each intervention day corresponding to the student SLP practicum schedule). Given 16 recruited participants in a cohort, four children would be randomly assigned to each group with this procedure. After the children for a given cohort were confirmed as trial participants and scheduled to receive intervention, a list of these children's participant numbers was provided to the first author; participant numbers were assigned by the second author by the date of recruitment. No information was provided except the participant's identification number and the scheduled day of intervention; furthermore, the first author had no involvement in the recruitment or intake assessment process. Assignment of participants to groups was accomplished by allocating the participant numbers in order to the envelopes in order. A research assistant subsequently removed the treatment assignment stickers from the envelope and attached them to the appropriate participant file. Unallocated envelopes for a given cohort (in the event that fewer than 16 participants were recruited) were set aside.
1
Nonrandomized Participants
Two additional groups of participants contributed data to this trial without being randomized to interventions.
The first group comprised children who received an intake assessment and were deemed eligible for trial participation but whose parents opted to delay entry into the trial while agreeing to participate in an outcome assessment approximately 14 weeks after the intake assessment. This group, referred to as Group 0, served as a nonrandomized comparison to the four randomized treatment groups in the trial. Second, a group of children with typically developing speech was recruited to provide a normative reference for some of the measures that were developed specifically for this trial, because standardized assessment tools of French phonology were lacking. This group is referred to as Group T. These two groups were not included in the statistical analysis of trial outcomes, but the data from these groups are helpful in the interpretation of the trial outcome in some instances; therefore, descriptive data for these two groups are provided.
Participant Characteristics
A total of 72 participants were randomized to intervention, excluding three additional children who were referred but whose intake assessment revealed that they did 1 The sample size was planned from a prestudy estimate of appropriate sample size on the basis of a power approach (Lenth, 2009 ) and the following assumptions: significance level of .05, power to detect a treatment effect of approximately .8 to .9, and a large effect size that is based on the outcomes observed in Rvachew, Nowak, and Cloutier (2004) . This analysis suggested that a final sample size of 16 to 20 children per group would be required. Therefore, expecting 15% attrition, the study was planned with a recruitment size of 24 children per group, and six sets of 16 envelopes were prepared for the random allocation process. A seventh cohort was planned in order to assign children to unused envelopes from previous academic terms. However, the remaining envelopes were not used to even out the groups as planned because the recruitment of a seventh cohort of children was not possible when funding was not renewed, due to an unexpected change in the mandate of the funding body. As a consequence, the final group sizes at randomization were unequal, with fewer than 20 children per group. not meet the selection criteria (see participant flow chart, Figure 1 ). Of the children who were randomized to Groups 1 through 4, 65 attended at least some intervention sessions as well as the outcome assessment that occurred approximately 1 week after the 12-week intervention period. Participant flow is outlined and intake data from the case history form and pretreatment assessment are described for these children in Table 2 . One-way analyses of variance were used to compare differences between the randomized groups on these intake variables for those 65 children. These analyses and all others in this article exclude children who were lost to follow-up, specifically, five children who did not start the intervention and two who dropped out before the outcome assessment. These seven children did not differ from the other 65 participants in terms of age, receptive vocabulary, nonverbal intelligence, PCC in single words, phonological awareness skills, or oral-motor abilities. Ten children were recruited to each of Groups 0 and T. The 10 children recruited to Group 0 were similar to the randomized groups on all pretreatment variables as shown in Table 2 , including motivation to receive speech therapy. Two families in Group 0 opted to delay entry into the trial because they were offered a limited period of services by the public health care system, whereas the remainder were forced to reschedule entry into the trial due to personal reasons (e.g., illness in the family). These families agreed to return at the end of the academic term to participate in the follow-up assessment protocol nonetheless. The children recruited to Group T were similar to the randomized groups with respect to age and maternal education. Examination of Table 2 reveals that the mothers of these children had at least some postsecondary education (high school ends at Year 11 in Québec). On average, the clinical groups achieved language milestones at the expected ages as well as age-appropriate scores on the measures of receptive vocabulary and nonverbal intelligence. The clinical groups (Groups 0 through 4) scored well below normal limits on the TFP. The high score of 95% consonants correct obtained on this test by group (Group T) is consistent with a large-scale normative study showing that consonant accuracy is mastered during the preschool period in French (MacLeod et al., 2011) , although some aspects of prosodic structure are not acquired until after school entry (Rvachew et al., 2013) . The comparison of mean scores among the groups randomized to different intervention conditions revealed no significant differences between Groups 1 through 4; however, it is apparent that Group 1 achieved a numerically higher score for PCC on the TFP and that Group 2 achieved a lower score on the TCP than the remaining groups on average, even though these differences were not statistically significant. Taking into account the observed between-subjects variance in the intake scores on these last two measures (TFP PCC and TCP), these scores were used to adjust the outcome measures on the same tests obtained during the outcome assessment (see Results).
Intervention Conditions
The intervention procedures are described briefly here for all components and conditions. More details are available in the complete project procedure manual that is available as supplemental material.
Goal Selection
During the first 6 weeks of intervention the children received individual therapy from a student SLP for the purpose of remediating their phonological knowledge with respect to three treatment goals. Subsequent to randomization, these goals were selected by the authors and the clinical educator in accordance with a quick multilinear analysis of the children's consonant productions as observed on the TFP. One week prior to the first scheduled treatment session, a brief reassessment session occurred during which a conversational speech sample was recorded in order to confirm that the selected goals were appropriate. and adjustments were made to the treatment plan if necessary. Details of the goal-selection procedure are available elsewhere (Bernhardt et al., 2006; Rvachew & Brosseau-Lapré, 2012) . In summary, the child's error patterns were scanned for difficulties at all levels of the phonological hierarchy, and goals were selected to represent both prosodic structures (i.e., word shape goals) and segments or features that were emerging but matched with very low frequency in the child's speech. Table 3 presents an inventory of the goals that were targeted by group. This table shows that the most common prosodic goals were complex onsets (specifically /l/-and /ʁ/-clusters) and word-internal codas; the most common feature goals were [+continuant] and [dorsal] in combination with [+consonantal] (i.e., fricatives and velars), in both cases targeted in the onset position; and the most common segment goals were /ʃ/ and /s/. Summing across goals that are similar, it can be seen that many children were exposed to target words that involve the feature coronal: [-anterior 
Individual Therapy
During each weekly treatment session the children received 15 min of intervention for each goal. The student SLP then instructed the parent to complete homework exercises pertaining to the specific goals and activities that were completed during the session. For a given child, all sessions and goals were conducted in accordance with a single assigned treatment condition (i.e., all sessions involved either output-oriented or input-oriented treatment procedures). For children assigned to the output-oriented conditions, all permitted treatment procedures were consistent with a traditional articulation therapy approach and were designed to move the children through four phases of practice: identification, stimulation, stabilization, and carryover. An identification activity was meant to be presented only once (at the beginning of the first session) to introduce the child to the target structure or phoneme using auditory and articulatory models, verbal instructions, a child-friendly name for the target, and props as required. Standard phonetic placement procedures were then used to stimulate correct production of the target for as many sessions as necessary to ensure stable production in isolation and syllables. Drill play activities were used to stabilize production in words, phrases, and sentences, and chaining and imitative models were used as required to ensure correct production. Last, carryover to conversation was encouraged using stories and games. The parent observed all sessions and was encouraged to use similar procedures at home when completing homework exercises.
For all children assigned to the input-oriented condition, all permitted therapy procedures were designed to strengthen the child's acoustic-phonetic representations for the target words; therefore, structured production practice was delayed until the child demonstrated spontaneous and correct production of the target words during focused stimulation activities. The first session began with the same identification procedure described above. In other words, the student SLP introduced the child to the target structure or phoneme using auditory and articulatory models, a verbal description, a child-friendly name for the target, and props as required. Error-detection tasks were designed to highlight the contrast between the target and alternative productions of the word-for example, serpent: Rvachew, 2009 ) was created for some of the goals (for description, see , but most error-detection tasks were conducted with live-voice activities rather than this computer game because the match between SAILS modules and treatment goals was not good (i.e., SAILS modules targeted single segments in the onset position of single-syllable words, whereas the children's phonological difficulties tended to involve specific prosodic structures in multisyllabic words). Error-detection tasks typically were implemented during the first three sessions. Stories using books or toys were used to provide focused stimulation, and emphasis was placed on providing many exemplars of the target structure rather than encouraging productive attempts. If the child began to spontaneously use the target during the focused stimulation activities, the meaningful minimal pairs procedure as described by Weiner (1981) was introduced, usually during Sessions 5 and 6, to encourage production practice in a context that allowed the child to experience a communication breakdown in the event of a misarticulation.
Phonological Awareness Groups
During the second 6 weeks of the intervention, all of the children received the same phonological awareness intervention, delivered by student SLPs to groups of four children, using a curriculum loosely modeled on Sound Foundations (Byrne & Fielding-Barnsley, 1991) but adapted for French. Each session consisted of three 15-min activities: one involving matching, another involving identifying, and a third involving sorting words with respect to their syllable number, onset consonant, or final rime. The targets were standardized for all cohorts for each session as follows: 
Parent Groups
While the children attended the phonological awareness intervention group, their parents met in a group with an SLP for structured training in the implementation of either the articulation-practice home program or the dialogicreading home program. These sessions each had a similar structure: (a) Parents discussed their experiences with the implementation of the homework from the previous session, (b) the SLP provided information about the implementation of new techniques, (c) parents worked in pairs to develop a plan to implement the new techniques at home, and (d) parents engaged in role-playing activities with guidance from the SLP to practice those new techniques. In both conditions the first session was devoted to a lecture and discussion about speech sound disorders and their impact on school success, as well as the importance of parent involvement in the speech therapy program for their child's progress. Parents assigned to the articulation practice condition were presented with lectures covering the following topics in the remaining five sessions: goal selection, structured speech practice procedures, structured speech practice activities, behavior management and problem solving, and naturalistic speech practice procedures and activities. Parents assigned to the dialogic reading condition were presented with lectures covering the following topics in the last five sessions: see-saw reading technique (how to maintain balanced verbal interaction with the child during shared reading); vocabulary development (prompts that promote comprehension and production of rare words); thinking with language (prompts that promote inferencing and predicting); emergent literacy, letter knowledge (promoting recognition of letters and letter-sound associations); and emergent literacy, word play (promoting phonological awareness). This latter program was closely modeled on the training procedures recommended by Whitehurst et al. (1994) , with the addition of emergent literacy components as described by Williams (2006) .
Treatment Fidelity
A detailed procedure manual was provided for all treatment components and treatment approaches, and a full-day training session was held for the clinical educators and student SLPs prior to the onset of each academic term. The trial coordinator monitored the implementation of the intervention procedures via intermittent direct observation in real time and by observing video recordings of the treatment sessions, and correcting deviations from the trial protocol as required. Furthermore, the student SLPs completed lesson plans prior to each treatment session and written summaries after each treatment session; these were monitored for compliance with the trial protocol. Clinical educators observed these sessions and ensured accurate completion of the session summaries.
A key part of the monitoring protocol was a procedure checklist on each session summary that was used to inventory the procedures used by the student SLPs in each of the individual therapy sessions. Table 4 presents a summary of the procedures that were used by treatment condition as reported by the student SLPs. These data represent an inventory of procedures used during 176 treatment sessions in the input-oriented condition and 165 sessions in the output-oriented condition, excluding sessions missed by the child and occasional instances of lost session-summary forms. The table shows that the identification procedure was used in both individual treatment conditions as required, although more frequently than anticipated. Parent education was also frequent and common to both conditions, in compliance with the treatment protocols. The most commonly used procedures in the output-oriented condition (Groups 1 and 2) were phonetic placement, chaining, delayed imitation, direct imitation, and drill play. Although these procedures were used in some input-oriented treatment sessions, the frequency was substantially less. The commonly used procedures in the input-oriented condition (Groups 3 and 4) were auditory bombardment, discriminate other speech (i.e., error-detection tasks as described above), focused stimulation, and receptive minimal pairs; these procedures were used rarely in the output-oriented sessions. Live monitoring of sessions and observation of video-recorded sessions confirmed that the treatments were administered according to the manualized treatment protocol. There was one persistent departure from expectations: Headphones were rarely used when implementing auditory bombardment and error detection tasks, including those administered with SAILS, and therefore appropriate levels of amplification and sound fidelity were not ensured.
Another aspect of treatment fidelity pertains to child and parent attendance as well as completion of assigned homework. Table 5 provides details about the amount of intervention received by each group in number of sessions and minutes of therapy attended. There were no significant between-group differences in the number of minutes of intervention received in the individual therapy component, F(3, 64) = 0.137, p = .937; the parent group training component, F(3, 64) = 0.465, p = .708; or the phonological awareness groups, F(3, 64) = 0.310, p = .818. During the 6-week individual therapy program, there were five opportunities for parents to report that they had completed assigned homework with the child; all groups reported that they completed three or four assignments, on average. The time between onset of the 12-week intervention and the outcome assessment averaged 13.84 weeks, with no significant differences between groups, F(3, 64) = 1.472, p = .231.
Measures
A battery of tests was used to determine eligibility for trial participation, describe baseline performance, and document posttreatment performance for the primary and secondary outcomes. Standard assessments covering aspects of lexical, articulatory, and phonological knowledge were administered by an SLP during the intake assessment, on average 4 weeks prior to the onset of the intervention. During the intake assessment the child's parent also completed some questionnaires: (a) a case history form covering information such as the child's birth, health, and developmental history, family history of speech and language difficulties, and parental educational and occupational details; (b) a language questionnaire covering the child's language exposure and use at home and day care, including key individuals in the child's environment and exposure to media such as television; (c) a family literacy questionnaire probing frequency of practices related to shared reading, reading instruction, and writing; and (d) a history of the child's involvement in speech or other therapies. A posttreatment assessment was conducted 1 to 2 weeks following completion of the intervention to document the child's articulation accuracy and phonological awareness outcomes. Children were tested in the clinic at the hospital where the treatment was provided, but in different rooms in an effort to avoid therapy effects and reduce demand characteristics that might stimulate unnatural speech responses (e.g., sometimes children overarticulate target phonemes or insert them into all words when they perceive that they are being tested). Posttreatment assessments were conducted by graduate students in speech-language pathology who had no involvement in the treatment program. Care was taken to ensure that staff involved in the treatment program were not present on the day of the outcome assessment, and that all files and paperwork associated with the treatment program were kept separate from the files and staff responsible for the outcome assessment procedures at all times, to ensure that these staff were blinded to treatment condition. Furthermore, these assessors had no information about the children's performance on previous assessments. Parents were asked to not reveal the child's treatment condition to the assessment staff as well. Transcription and scoring of the speech samples recorded during the intake and outcome assessments were completed by research assistants who were also blinded to the child's group assignment and not involved in the treatment or assessment procedures.
EVIP
The EVIP (Dunn et al., 1993 ) is a Canadian-French adaptation of the Peabody Picture Vocabulary Test-Revised (Dunn & Dunn, 1981) . The children were shown blackand-white plates with four pictures and asked to point to the word named by the examiner. Five practice items were given before the test. The children's performance is expressed as a standard score using the norms published with the test. Previous publications have suggested that typical Québecois children tend to score higher than expected on this test, with EVIP scores being at least 1 SD higher than intelligence quotients on average (Thordardottir, Keheyia, Lessard, Sutton, & Trudeau, 2010) . All children in all groups received this test during the intake assessment for the purpose of determining eligibility for inclusion in the trial.
KBIT
The Matrices subtest of the KBIT (Kaufman & Kaufman, 2004) measures nonverbal intelligence. Children were presented color plates with a target picture at the top and six pictures at the bottom. They were asked to point to the picture among the six choices that completed a target sequence. The practice items of each section were administered according to the instructions in the test manual. During the intake assessment, this test was administered to children in Groups 0 through 4 for the purpose of determining eligibility for inclusion in the trial. This test was not administered to children in Group T.
OSMSE
The OSMSE (St. Louis & Ruscello, 2000) evaluates the structure and function of the oral speech mechanism. The screening tool was administered according to the manual and was video-recorded. Single-syllable and trisyllable repetition rates were calculated from waveform displays of the children's responses and rounded to the nearest tenth of a second. Many of the children who participated in this , respectively, for children up to age 55 months, and 3.2, 2.5, 2.9, 1.7, and 1.0, respectively, for children aged 66 to 71 months. During the intake assessment, this test was administered to children in Groups 0 through 4 for the purpose of determining eligibility for inclusion in the trial. This test was not administered to children in Group T.
TFP
The TFP (Paul & Rvachew, 2009 ) is a test of articulation accuracy that mirrors the phoneme distribution, syllable shapes, and word length characteristics of Québec French, as described in Paul (2009) . In brief, 54 words were elicited using 20 full-color photographs, targeting 161 consonants and 107 vowels. The syllable shapes represented by the target words include 15 monosyllabic, 27 disyllabic, eight trisyllabic, and four longer words; 36% of all syllables contain a coda, and 15% contain a consonant cluster. Examiners used carrier phrases to elicit spontaneous productions of the target words; if the child did not answer, delayed imitation techniques were used. Immediate imitation was used as a last resort to ensure data sets that were as complete as possible for each child. Administration of the TFP was video-recorded using a Sony Handycam HDR-XR520 or a JVC Everio GZ-MG360 video camera. The audio files were extracted and saved as .wav files. This test was administered to all children in all groups during the intake assessment and to all children in Groups 0 through 4 during the outcome assessment.
Initial coding involved narrow transcription of the children's responses to the test items. Two research assistants (one graduate student in speech-language pathology and one undergraduate student in linguistics) independently transcribed 11% and 21% of the TFP recordings, yielding mean transcription agreement of 93% at the segment level (range = 87%-97%). After transcription, multiple summary scores were derived, and two summary scores were used as outcome measures in this study. The most basic score, PCC, reflects the children's overall competence with respect to articulation accuracy and was calculated as a secondary outcome measure. Match ratios were also calculated for features and syllable structures as described in Brosseau-Lapré and , to serve as the primary outcome measure. In particular, changes in match ratios for the following features and word structures were targeted as primary outcome measures because these corresponded to common treatment goals for the participants in this study:
, glide nucleus, and wordinternal coda. An omnibus outcome measure, hereafter referred to as targeted match ratio, was created by summing match ratios for these six structures for each child across all relevant words on the TFP.
TCP
The TCP (Brosseau-Lapré & Rvachew, 2008 ) was created for this study by adapting the phonological awareness test developed by Bird et al. (1995) for research purposes. It consists of three subtests: rime matching, onset matching, and onset segmentation and matching. In the rime matching subtest, the child is shown a puppet, told its name, and told that the puppet "likes things that sound like his name." In the onset matching subtest, the child is told that the puppet likes "everything he owns to start with the same sound," and a single sound is presented as the target. In the onset and segmentation subtest, the child is told the puppet's name and that the puppet "likes things that start with the same sound as his name" without hearing the target sound in isolation. For each trial the child is presented with four pictured items (the target and three distractors), and these items are named for the child on every trial. There are five practice items at the beginning of each subtest, during which corrective feedback can be provided as necessary. The rime matching subtest has 14 test items, and the remaining two subtests each have 10 test items. Although the number of practice and trial items remained the same for each subtest, the target phonemes and syllable structures of the words were modified to better represent the phonology of Québec French. A laptop was used to present the pictures and audio stimuli, although the examiner pointed to each picture and named them live voice.
2 This test was administered to all children in all groups during the intake assessment and to all children in Groups 0 through 4 during the outcome assessment. This test was considered to be a secondary outcome because it measured a skill taught directly to all children in all experimental groups-implicit phonological awareness.
TAAF
The TAAF (Cormier et al., 1995) is a measure of the child's explicit phonological awareness abilities, measured by asking the child to segment syllables or phonemes from words. For example, the instructions might be, "Répète après moi: bateau. Dis-le encore, mais sans dire teau" ("Repeat after me: [bato] . Say it again without [to]"). This test is normed for children speaking Canadian French in kindergarten through sixth grade. This test is very difficult for preschool-age children to complete, and therefore it was not attempted during the pretreatment intake assessment. It was administered to the children who completed the intervention (i.e., Groups 1 through 4) during the outcome assessment as the primary outcome measure of this study. It was expected that the most effective combination of interventions would result in the generalization of implicit phonological awareness skills, overtly taught to the children in small groups, to explicit phonological awareness skills that were not taught during any of the treatment components of this study. Furthermore, explicit phonological awareness was considered to be a particularly important emergent literacy skill that was most likely to be predictive of future success in reading acquisition.
Results
The presentation of the results is organized into two sections; the first takes a descriptive approach, and the second focuses on hypothesis testing. In the first section, descriptive statistics are used to illustrate changes observed in Groups 1 through 4 with respect to articulation accuracy and phonological awareness over the course of the treatment program. These data are interpreted in relation to the typical comparison group (Group T) and the nonrandomized comparison group (Group 0). The second section presents the main effects and interactions between the individual treatment and parent group treatment conditions on these outcomes using analysis of covariance (ANCOVA). These analyses were based on ANCOVA so that the children's scores on measures of articulation accuracy and phonological awareness during the outcome assessment could be adjusted to account for the child's age and other relevant covariates during the pretreatment (intake) assessment. The hypothesis tested by these analyses was that the combination of an inputoriented approach to individual speech therapy and parentimplemented dialogic reading would produce a superior result for explicit phonological awareness while ensuring articulation outcomes that are at least as good as those observed when articulation accuracy is targeted more directly.
Descriptive Statistics
Descriptive statistics presented here and in Table 6 and Figure 2 were derived to examine changes in performance over the pretreatment to posttreatment interval for Groups 0 through 4. The mean and standard deviation of each group's TFP PCC and TCP score were obtained for the intake assessment and for the outcome assessment. Change scores Note. Group 0 is the nonrandomized comparison group with a developmental phonological disorder. Treatment conditions by group were as follows: output-oriented individual intervention and articulation-practice home program (Group 1), output-oriented individual intervention and dialogic-reading home program (Group 2), input-oriented individual intervention and articulation-practice home program (Group 3), and input-oriented individual intervention and dialogic-reading home program (Group 4). TFP = Test Francophone de Phonologie; TCP = Test de Conscience Phonologique. were derived by subtracting each group's intake score from the corresponding outcome measurement in order to examine improvements in performance on these secondary outcomes group by group. The magnitude of each change score was evaluated by calculating the effect size, specifically d z (i.e., Cohen's d for correlated samples). The 95% confidence interval (CI) for each change score is also reported. Table 6 shows that, when comparing performance during the outcome assessment with performance during the intake assessment, PCC changed by a mean of 0.44 (SD = 2.05; 95% CI [-1.02, 1.90]) for Group 0, which did not receive treatment. This negligible change in PCC for Group 0 is also illustrated in Figure 2A . In other words, a large treatment effect was observed in all four groups that received treatment with respect to articulation accuracy. Although all treated groups made substantially more change in articulation accuracy than Group 0, no group approached the performance level of the children with typically developing speech, as represented by the horizontal shaded area in Figure 2A . Table 6 also presents outcome assessment data for the TCP, showing that the treated groups outperformed the nonrandomized comparison group with respect to changes in phonological awareness skills as well. Recall that TCP is a measure of implicit rime and onset awareness skills and that all four groups received the same group intervention program targeting these skills. On average, total TCP scores changed by 1.00 (SD = 4.98; 95% CI [0.05, 1.95]) for Group 0, which did not receive treatment (see Figure 2A ). This change in TCP score for Group 0 represents a medium effect size (d z = 0.75) and provides a comparative context for the changes observed for Groups 1 through 4. In Group 1, mean change was 6.00 (SD = 6.10; 95% CI [2.97, 9.03]) and d z was 0.98; in Group 2, mean change was 4.23 (SD = 3.44; 95% CI [2.15, 6.31]) and d z was 1.23; in Group 3, mean change was 6.63 (SD = 5.20; 95% CI [3.85, 9 .40]) and d z was 1.27; and in Group 4 mean change was 4.62 (SD = 5.34; 95% CI [1.96, 7.27]) and d z was 0.87. Therefore, a large effect size was observed for all treated groups with respect to implicit phonological awareness. Furthermore, when examining Figure 2B , it appears that Group 1 approached the performance level of the children with typically developing speech, as represented by the horizontal shaded area.
Hypothesis Testing
Articulation Accuracy
Two outcomes were assessed to measure change in articulation accuracy; the first was overall PCC on the TFP. This outcome measure was submitted to a univariate ANCOVA with individual treatment condition and parentgroup treatment condition as the random factors and intake age and pretreatment PCC as the covariates. No significant effects were revealed for main effect of individual treatment condition, F(1, 0.592) = 0.286, p = .729, η p 2 = .326; parent group intervention, F(1, 1.629) = 3.516, p = .230, η p 2 = .683; or the interaction of these conditions, F(1, 59) = 0.164, p = .687, η p 2 = .003. The adjusted mean scores during the outcome assessment were 79.64, 77.77, 79.32, and 78.65 for Groups 1, 2, 3, and 4, respectively.
When considering change in targeted match ratio, a significant treatment effect was observed, indicating differentiated effects on targeted features and word structures as a function of specific combinations of intervention components. The ANCOVA revealed no main effect of the individual treatment, F(1, 1.005) = 0.19, p = .738, η p 2 = .159, or the parent group intervention, F(1, 1.015) = 0.314, p = .674, η p 2 = .236; however, a significant interaction of the individual and parent group conditions was revealed, F(1, 59) = 6.415, p = .014, η p 2 = .098, suggesting that specific combinations of individual treatment and parent group intervention may be beneficial. The nature of this interaction is illustrated in Figure 3A , in which it can be seen that Group 2, which received the traditional output-oriented approach during individual treatment sessions combined with the dialogic-reading home program, experienced the weakest gains in match ratio for those structures that were targeted in therapy in contrast to Groups 1 and 4, where similarly good results are observed.
Phonological Awareness
Two outcomes were examined with respect to phonological awareness outcomes. The first was total score on the TCP, an index of implicit phonological awareness skills very similar to those targeted in the group phonological awareness intervention that was received by all the children. This outcome measure was submitted to a univariate ANCOVA, with individual treatment condition and parent group treatment condition as the random factors and intake age and pretreatment TCP score as the covariates. No significant effects were revealed for main effect of individual treatment condition, F(1, 0.832) = 0.154, p = .577, η p 2 = .459; parent group intervention, F(1, 0.873) = 9.063, p = .232, η p 2 = .912; or the interaction of these conditions, F(1, 59) = 0.376, p = .542, η p 2 = .006. The adjusted mean scores were 11. 75, 8.83, 11.60, and 10.17 for Groups 1, 2, 3, and 4, respectively.
The second outcome measure was posttreatment TAAF scores, a measure of explicit phonological awareness. A significant treatment effect was observed, suggesting differences in generalization from implicit to explicit phonological awareness as a function of specific combinations of intervention components. TAAF scores were first converted to ranks and then submitted to a univariate ANCOVA, with individual treatment condition and parent group treatment condition as the random factors and intake age as the covariate. This test revealed no main effect of the individual treatment, F(1, 1.002) = 0.281, p = .689, η p 2 = .219, or the parent group intervention, F(1, 1.003) = 0.153, p = .763, η p 2 = .132. However, a significant interaction of the individual and parent group conditions was revealed, F(1, 60) = 6.136, p = .016, η p 2 = .093, suggesting that specific combinations of individual treatment and parent group intervention may be beneficial. The nature of this interaction is illustrated in Figure 3B , in which it can be seen that Group 2, which received the traditional output-oriented approach during individual treatment sessions combined with the dialogicreading home program, achieved the lowest TAAF score during the follow-up assessment. On the other hand, the two groups that received congruent interventions in both the individual and group conditions, specifically Groups 1 and 4, obtained the best outcomes on this measure.
Discussion
In this study, French-speaking children with DPD received 6 weeks of individual speech therapy followed by 6 weeks of a small-group phonological awareness intervention, while their parents received instruction in the implementation of a home program. Children were randomly assigned to one of two different approaches to individual therapy, and parents were randomly assigned to one of two different home programs, resulting in four groups: outputoriented individual intervention and articulation-practice home program (Group 1), output-oriented individual intervention and dialogic-reading home program (Group 2), input-oriented individual intervention and articulationpractice home program (Group 3), and input-oriented individual intervention and dialogic-reading home program (Group 4). The first finding was that all four groups achieved measurable progress in articulation accuracy and phonological awareness over the 12-week period of the intervention, whereas a nonrandomized comparison group (Group 0) made minimal gains during this same period. The clinical implications of this finding are discussed first. The second finding of a significant interaction between the individual and parent group intervention components suggests that when brief interventions are implemented, theoretical coherence among all elements may facilitate a good outcome. The relative effectiveness of the different combinations of interventions is discussed second. Last, the limitations of the study are explored, and recommendations for future research are put forward.
Effect of a Brief Intervention
Part of the motivation for this study was to assist with a pragmatic problem: how best to achieve measurable gains in articulation accuracy and phonological awareness given severe resource constraints. The service provider in this case was forced to ration direct therapy to six weekly 1-hr sessions, even though all published evidence suggests that this amount of therapy is insufficient for achieving a good outcome. For example, Jacoby, Levin, Lee, Creaghead, and Kummer (2002) observed that a functional gain in preschoolers' speech production abilities as measured by the American Speech-Language-Hearing Association National Outcomes Measurement System was associated with 20 hr of therapy on average. Campbell (1999) found that children with moderate or severe speech delay typically required twice-weekly therapy for 3 to 4 months before their parents observed a significant improvement in speech intelligibility.
In contrast to the clinical setting, it is common for research-based interventions to be relatively brief. Law et al. (2003) reported in their meta-analysis of randomized control trials that speech therapy interventions for articulation and phonology were effective, with a moderate effect size overall, after describing 20 interventions, eight of which lasted less than 12 weeks. In controlled studies, the expected outcomes may not be the functional gains in speech intelligibility that are desired in the clinical context. For example, Rvachew and Nowak (2001) compared two approaches to target selection using a traditional articulation-focused intervention administered over two 6-week intervention blocks. This study deliberately avoided a home program component, and homework exercises were not assigned. A significant difference in treatment outcome was observed for the word imitation probes that were specific to each child's treatment goals; at the same time, global measures that reflected production accuracy for all English consonants were not sensitive to gains over the 12-week intervention or to differences between groups. However, some studies have found that alterations to the service delivery model may enhance the effectiveness of brief interventions. Allen (2013) reported that a more intense intervention (involving more sessions per week but a shorter total intervention duration) increased the effectiveness of a multiple opposition approach (cf. Williams, 2000) to phonology therapy compared with a less intense intervention delivered over a longer duration. Increasing dose (number of trials per minute of therapy) may lead to greater efficiency in the provision of articulation therapy (Sacks, Flipsen, & Neils-Strunjas, 2013) . As an alternative, as we implemented in the current study, involving the family in the intervention may also improve outcomes. In this study, we decided to increase the probability of obtaining a measurable and perhaps even functionally acceptable result from a brief intervention by involving the parents in the direct intervention component through the provision of homework. Schooling (2003) found that the provision of a structured home program led to much better outcomes for children receiving brief interventions, although that report is based on nonexperimental data. Furthermore, we provided a second intervention component consisting of a structured home program, in one case focused on language and emergent literacy skills. Many studies have shown that home programs enhance response to speech and language therapy and improve children's language and emergent literacy skills (for review, see Williams & Coutinho, 2008) .
We also added a group therapy component for the children that targeted phonological awareness skills appropriate for preschool-age children: implicit rime, onset, and syllable awareness. This component was provided to all children because it targeted an important goal for children with DPD, given the relationship between speech delay and the risk of reading impairment. Furthermore, studies have shown that small-group phonological awareness interventions can be provided efficiently by students or paraprofessionals using a standard curriculum and with minimum supervision.
With respect to this first goal, the study was successful in that all four groups achieved measurable progress in speech accuracy and phonological awareness. These gains may be attributed to the interventions with some confidence, given the much smaller changes observed in the nonrandomized comparison group (Group 0). The children did not achieve normalized speech articulation or age-appropriate phonological awareness skills, however. In the absence of long-term follow-up data it is impossible to know whether these children's trajectories would allow them to catch up to their peers with typical speech development prior to school entry, but most studies indicate that continued improvements in speech accuracy can be expected after the withdrawal of speech therapy, especially when parents have been taught to support their children in the home environment (Eiserman, Weber, & McCoun, 1995; McKercher, McFarlane, & Schneider, 1995) . Nonetheless, other studies of outcomes for preschoolers receiving speech therapy have found that only a quarter of these children achieve shortterm normalization, which means that the large majority begin school with ongoing concerns regarding their speech accuracy (Rvachew, Chiang, & Evans, 2007; Shriberg & Kwiatkowski, 1994) and their readiness for the acquisition of literacy (Nathan, Stackhouse, Goulandris, & Snowling, 2004; Rvachew, 2007) . Given that improving these outcomes during the year prior to school entry is a crucial goal for SLPs and their clients (Rvachew & Rafaat, 2014) , we must ask whether variations in speech therapy practice have an impact. Therefore, we turn to the relative effectiveness of the four combinations of treatment components.
Comparative Treatment Effects
In this study, comparative treatment effects across the randomized groups were examined for two outcomes: (a) the targeted match ratio as a measure of speech production accuracy in relation to features and prosodic structures targeted in therapy and (b) TAAF scores as a measure of explicit phonological awareness. For both of these outcomes, a significant interaction between the individual treatment condition and the parent group condition was found: Inputoriented individual therapy was most effective when paired with the dialogic-reading home program, and outputoriented individual treatment was most effective when paired with the articulation-practice home program. In this context, in which the children received a brief period of direct therapy and a home program component provided sequentially, the most effective strategy was to teach the parents to use techniques that were congruent with the direct therapy component. At first glance it might seem obvious that a treatment program that is theoretically consistent in all of its components will be most effective; however, given that successful acquisition of phonology requires learning in multiple domains (perceptual, articulatory, lexical, and phonological), it is not actually a given that congruent treatment targets across these components would necessarily be the most efficient strategy. Furthermore, it is possible that complementary targets by SLP and parents might be effective and efficient given a longer period of treatment and a concurrent rather than sequential organization of components. It is probable that whichever domain is targeted, the primary consideration should be to provide a sufficiently intense intervention in order to ensure that deep learning takes place. It may be that in the case of Group 2, for example, neither the individual direct therapy component that targeted articulation accuracy nor the home program component that targeted vocabulary learning was long enough or intense enough by itself to effect enough change in any one domain so as to have carryover effects in another.
In contrast, children in Groups 1 and 4 experienced inputs in one domain that were sufficient for achieving learning in the targeted area, apparently with subsequent carryover to other domains. Certainly for Group 4, the achievement of articulation accuracy equivalent to that of Group 1, despite minimal speech practice in therapy, suggests a remarkable impact of learning in the perceptual and lexical domains on articulatory learning. Hesketh, Adams, Nightingale, and Hall (2000) observed very similar results in their study in which children with DPD were randomly assigned to one of two 10-week interventions: a traditional articulation therapy approach and a metaphonological approach. As in this study, both interventions administered by Hesketh et al. resulted in roughly similar gains for both articulation accuracy and phonological awareness. These investigators suggested that it "may be that [articulation] therapy inevitably has a metaphonological effect because of the very nature of the process of focusing on speech sounds (p. 347)," and we tend to agree. In particular, one of the most frequently used procedures in the output-oriented intervention was chaining (see Table 4 ), a procedure in which words are broken up into smaller constituents (often onset and rime) and the children are asked to practice these individually before blending them together. The relationship between this procedure and the deletion task used to test explicit phonological awareness as the primary outcome is clear. With respect to the impact of the input-oriented intervention on articulation accuracy, we have previously discussed the importance of strengthening children's acousticphonetic representations for speech as a key determinant of speech motor control (Shiller, Rvachew, & Brosseau-Lapré, 2010) . When learning a new speech task, knowledge of the auditory target and the ability to process auditory feedback in relation to this target are important. The input-oriented intervention was designed to provide the child with an internal target that would facilitate self-practice; therefore, gains in speech production accuracy were expected despite the limited time devoted to actual speech practice during treatment sessions.
The importance of involving parents in a congruent intervention alongside a child intervention has been demonstrated in other developmental domains. For example, Neville et al. (2013) provided an 8-week intervention to parents of low-income children that targeted stress regulation, parenting, and facilitation of child attention while their children received a classroom-based intervention that targeted emotional regulation and selective attention. Neurophysiological measures of selective attention and behavioral measures of cognitive and linguistic outcomes yielded superior outcomes for this combined intervention in comparison with Head Start attendance alone or an intervention that was directed solely at the children. We observed anecdotally that congruent direct therapy and parent interventions facilitated children's progress, highlighting the transactional nature of language learning. For example, it is our impression that children who received the inputoriented direct therapy intervention learned to listen to and process speech inputs more actively, and were thus more prepared to participate in the dialogic reading exchanges that their parents were taught to facilitate during the home program component in Group 4. In contrast, parents in Group 2 often reported that their children were "annoyed" when they attempted dialogic reading at home and preferred that the parent revert to their standard reading practices that did not require such active participation on the part of the child. It is not unusual for clinicians to attribute variations in treatment outcomes to differences in client or family motivation, with consideration of these variables underpinning the adoption of a "common factors" approach to intervention (Drisko, 2013; Ebert & Kohnert, 2010) . In this study we show that coherence in the approach taken to the involvement of the family in the treatment program may be one of the "specific ingredients" that explains differential outcomes by enabling the child and parent to work together effectively.
Limitations of the Study
The primary limitation of this study is that it is underpowered: We were unable to finish due to circumstances that forced us to cease data collection before reaching our target sample size. Therefore, there is some risk that the differences in outcomes between the randomized groups are due to sampling error, especially given that there are some small, although nonsignificant, differences in the pretreatment performance of these groups with respect to articulation accuracy and phonological awareness skills. It is our experience that it is difficult to obtain sufficient funding to conduct large sample trials in this area of research (see also Bishop, 2010) . With respect to intervention research specifically, we have heard the opinion that because SLPs are free to choose (or not choose) any of the procedures that were used in this study, researching the relative efficacy of any particular combination of procedures should not be a priority for the expenditure of research funds. We feel, however, that with limited public resources for speech therapy, it is not likely that the intensity of services will be increased in order to improve the current 25% probability that a child who receives therapy at age 4 years will begin school with normalized phonology. Therefore, improvements in efficiency are crucial, and given that DPD commonly occurs in the population, even small improvements in efficiency that may be associated with specific combinations of procedures compared with "eclecticism" would be valuable. Identifying these small effects requires large treatment trials, however, and thus large resources for research.
A second limitation, also linked to the small size of the trial, is that it is not possible to say with any certainty exactly which types of children are most likely to benefit from the output-oriented versus the input-oriented approaches that were compared in this study, or whether there are children with DPD who will not benefit from either of these approaches. Studies that examine interactions between specific child characteristics and response to certain treatment approaches would be clinically valuable but, again, would require very large trials. At most we can caution that this trial involved 4-and 5-year-old francophone children with ageappropriate receptive vocabulary skills and nonverbal intelligence but significant delays in articulation accuracy and phonological awareness. Although childhood apraxia of speech was not specifically precluded, none of the children appeared to present with a motor speech disorder.
Further to the issue of applying the tested interventions in clinical settings, the choice of speech-language pathology students as interventionists complicates the generalizability of the findings. It is our assumption that maximum outcomes and lowest cost would be obtained when an SLP provides the individual therapy sessions and paraprofessionals provide the parent and child group interventions in the second 6 weeks of the program. Our application was provided in the context of a clinical training program and involved students who were supervised by SLPs. We cannot be sure that the results would generalize to other service providers. Application in more typical clinical settings by other service providers would provide an opportunity for effectiveness studies.
A final limitation with respect to the generalizability of the trial is related to the francophone context of the intervention setting and the outcome measures that were used. This is a fully randomized trial, and we can be reasonably confident that the varied outcomes observed in Figure 3 for Groups 1 through 4 are due to differences in treatment approach. However, we included a nonrandomized comparison group (Group 0) in order to interpret the magnitude of change in speech accuracy and phonological awareness during the course of the treatment interval. This comparison group was necessary because we created new tests for the francophone context and we needed information about normal rates of change with respect to those measures. The failure of the nonrandomized comparison group to show change on these measures (whereas the treatment groups made substantial changes) may have been due to selection effects. We note that there were no differences between this group and the randomized group in child or family characteristics and no apparent differences in motivation to receive or participate in speech therapy. In fact, it is rather striking that the children in this group refused entry into the trial so that they could receive services elsewhere (from public or private providers). Nonetheless, the rates of change reported are specific to the tests that we created and the context in which these treatments were provided.
Summary and Conclusions
In this study, French-speaking children with DPD received 6 weeks of individual speech therapy followed by 6 weeks of a small-group phonological awareness intervention while their parents received instruction in the implementation of a home program. All treated groups achieved measurable gains in speech articulation accuracy and phonological awareness that were greater than those observed in a nonrandomized comparison group, while not achieving normalized performance in these areas. No main effects of input-oriented versus output-oriented approach were found for speech accuracy or phonological awareness. However, for both outcomes, a significant interaction between the individual treatment condition and the parent group condition was found: Input-oriented individual therapy was most effective when paired with the dialogic-reading home program, and output-oriented individual treatment was most effective when paired with the articulation-practice home program. In this context, in which the children received a brief period of direct therapy and a home program component provided sequentially, the most effective strategy was to teach the parents to use techniques that were congruent with the direct therapy component.
